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ISOLATION OF SUBTERRANEAN ZONES " 

Background of the Invention 

This Invention relates to isolating subterranean zones. 

During oil explorafon. a wellborn typically traverses a number of zones within a 
subterranean fonnatlon. Some of these subterranean zones will produce oil and gas 
While others wil, not Further, it is often necessary to isolate subterranean zones from 
one another in order to facilitate the exploration for and production of oil and gas 
Existing methods for isolating subtenanean production zones in order to facilitate the 
--Ptorationforandproductionofoilandgasarecomplexandexpensive 

the elr' '"^^ °^ ^ «-'t««ons of 

the existing processes for isolating subtenanean zones. 

Summary of the InvenUon 
According to «« pmsco, ,„ve„«on «,« I, proved ,„ apparatus, comprtsing- 
a zonal isolation assembly comprislnj- 

°"»"™«P«rf<«M tubular memb«s coupled 10 the so.d tubular numbers 
.he perforated tubular men^e,. delining a longitudi™. ta, passage- 

membT r "^^ "°" *' «» Perf<»at«l tubular 

— for cont™.^ ,e „„w o, «u«. ™teHaU t,«.,h ^ perforated tubuti: 

one or o, the perforated tubular member fer monifc^^ «» opetS,^ 

temperature within the perforated tubular members- 

or SJlT'^r^'"" '""'^ '-3«"<«™' «>o«Passage of one 

r.z:::rrrar^^'"^"™--"'---^ 

one or mora now sensors located w,thin the longitudinal flow passage of one or 
a shoe coupled to the zonal isolation assembly; and 

a controller oporably coupled to the flow control valves, the temperature sensor, 
.eprassurasensora,andthe,lowsensors,<.mcn«or^,atemperaZ!;Z:r 
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and flow sensors and controlling the operation of the flow control valves; 

wherein at least one of the solid tubular meml)ers and the perforated tubular 
members are fomied by a radial expansion process perfonned within a wellbore. 

According to another aspect of the present invention there is provided method of 
5 isolating a first subterranean zone from a second subterranean zone in a wellbore, 
comprising: 

positioning one or more solid tubulars within the wellbore, the solid tubulars 
traversing the first subtenanean zone; 

positioning one or more perforated tubulars within the wellbore. the perforated 
10 tubulars traversing the second subten-anean zone, the perforated tubular members 
defining a longitudinal flow passage; 

radially expanding at least one of the primary solid tubulars and perforated 
tubulars within the wellbore; 

fluidldy coupling the perforated tubulars and the solid tubulars; 
15 preventing the passage of fluids from the first subterranean zone to the second 
subterranean zone within the wellbore external to the solid tubulars and perforated 
tubulars; 

monitoring the operating temperatures, pressures, and flow rates within the 
longitudinal flow passage of one or more of the perforated tubulars; and 

controlling the flow of fluldic materials through the perforated tubulars as a 
function of the monitored operating temperatures, pressures, and flow rates. 

According to another aspect of the present Invention there Is provided a method 
of extracting materials from a producing subterranean zone In a wellbore. at least a 
portion of the wellbore including a casing, comprising: 
25 positioning one or more solid tubulars within the wellbore; 

positioning one or more perforated tubulars within the wellbore, the perforated 
tubulare traversing the producing subterranean zone, the perforated tubular members 
defining a longitudinal flow passage; 

radially expanding at least one of the sofid tubulars and the perforated tubulars 
30 VMthIn the wellbore; 

fluidldy coupling the solid tubulars with the casing; 
fluidldy coupling the perforated tubulars with the solid tubulars; 
fluidldy isolating the produdng subterranean zone from at least one other 
subtenranean zone within the vwllbore; 
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fluidicly coupling at least one of the perforated tubulars with the producing 
subterranean zone; 

monitoring the operating temperatures, pressures, and flow rates within the 
longitudinal flow passage of one or more of the perforated tubulars; and 
5 controlling the flow of fluidic materials through the perforated tubulars as a 

function of the monitored operating temperatures, pressures, and flow rates. 

According to another aspect of the present invention there is provided a system 
for isolating a first subterranean zone from a second subterranean zone in a wellbore. 
comprising: 

10 means for positioning one or more solid tubulars within the wellbore. the solid 

tubulars traversing the first subtenranean zone; 

means for positioning one or more perforated tubulars within the wellbore the 
perforated tubulars traversing the second subtenanean zone, the perforated tubular 
members defining a longitudinal flow passage; 

means for radially expanding at least one of the solid tubulars and perforated 
tubulars within the wellbore; 

means for fluidicly coupling the perforated tubulars and the solid tubulars; 
means for preventing the passage of fluids from the firet subterranean zone to the 
second subtenanean zone within the wellbore external to the solid tubulars and 
20 perforated tubulars; 

means for monitoring the operating temperatures, pressures, and flow rates 
within the longitudinal flow passage of one or more of the perforated tubulars- and 

means for controlling the flow of fluidic materials through the perforated tubulars 
as a function of the monitored operating temperatures, pressures, and flow rates 

According to another aspect of the present Invention there is provided a system 
for extracting materials from a producing subterranean zone in a wellbore. at least a 
portion of the wellbore Including a casing, comprising: 

means for positioning one or more solid tubulars within the wellbore; 
means for positioning one or more perforated tubulars within the wellbore the 
perforated tubulars traversing the producing subterranean zone, the perforated tubular 
members defining a longitudinal flow passage; 

means for radially expanding at least one of the solid tubulars and the perforated 
tubulars within the wellbore; 
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means for fluidicly coupling the solid tubulars with the casing; 

means for fluidicly coupling the perforated tubulars with the solid tubulars; 
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means for fluidicly isolating the producing subten^nean zone from at least one 
other subterranean zone within the wellbore; 

means for fluidicly coupling at least one of the perforated tubulars with the 
produdng subterranean zone; 
5 means for monitoring the operating temperatures, pressures, and flow rates 

within the longitudinal flow passage of one or more of the perforated tubulars; and 

means for controlling the flow of fluidic materials through the perforated tubulars 
as a function of the monitored operating temperatures, pressures, and flow rates. 

Preferably, the perforated tubular members that are radially expanded compress 
1 0 the subterranean fonnat'on sun^nding the wellbore. 

Preferably, the perforated tubulars that are radially expanded compress the 
second subterranean zone. 

Preferably, the nriethod further comprises vibrating the second subten^nean zone* 
to increase the rate of recovery of hydrocarbons from the second subterranean zone. * 
1 5 Preferably, the method further comprises vibrating the second subtenanean zone 

to clean the radial passages of the perforated tubulars. 

Preferably, the method further comprises appljang an impulsive load to the * 
perforated tubulars to increase the rate of recovery of hydrocarbons from the second . 
subterranean zone. 

20 Preferably, the perforated tubulars that are radially expanded compress the 

produdng subterranean zone. 

Preferably, the method further comprises vibrating ttie produdng subterranean 
zone to increase the rate of recovery of hydrocartwns from the produdng subterranean 
zone. 

25 Preferably, the method further comprises vibrating the producing subterranean 

zone to dean the radial passages of the perforated tubulars. 

Preferably, the method further comprises applying an impulsive load to the 
perforated tubulars to increase the rate of recovery of hydrocarbons from the produdng 
subterranean zone. 

30 Preferably, the means for radially expanding at least one of the perforated 

tubulars comprises means for compressing the second subtenanean zone. 

Preferably, the system further comprises means for vibrating the second 
subterranean zone to Increase the rate of recovery of hydrocarbons from the second 
subterranean zone. 
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Preferably, the system further comprises means for vibrating the second 
subten^nean zone to clean the radial passages of the perforated tubulars. 

Preferably, the system further comprises means for applying an impulsive load to 
the perforated tubulars to increase the rate of recovery of hydrocarbons from the 
second subterranean zone. 

Preferably, the means for radially expanding at least one of the perforated 
tubulars comprises means for compressing the producing subterranean zone. 

Preferably, the system further comprises means for vibrating the second 
subterranean zone to increase the rate of recovery of hydrocarbons from the producing 
subterranean zone. 

Preferably, the system further comprises means for vibrating the produdng 
subterranean zone to clean the radial passages of the perforated tubulars. 

Preferably, the system further comprises means for applying an impulsive load to ' 
the perforated tubulars to Increase the rate of recovery of hydrocarbons from the 
producing subterranean zone. 

Preferably, the welltjore traverses a subterranean fbmiatlon comprising a sour 
of geothemial energy. 

Preferably, at least one of the first and second subterranean zones comprises 
source of geothemial energy. 

Preferably, the produdng subterranean zone comprises a source of geothermal 
energy. 



Brief Description of the Drawings 

FIG. 1 is a fragmentary cross-sectional view illustrating the isolation of 
subterranean zones. 

Fig. 2a is a cross sectional illustration of the placement of a system for isolating 
subten-anean zones within a borehole. 

Fig. 2b is a cross sectional illustration of the system of Fig. 2a during the injection 
of a fluidic material into the tubular support member. 

Fig. 2c is a cross sectional illustration of the system of Fig. 2b while pulling the 
tubular expansion cone out of the wellbore. 



Fig. 2d is a cross sectional illustration of the system of Fig. 2c after the tubular 
expansion cone has been completely pulled out of the wellbore. 

Fig. 3 is a cross sectional illustration of the expandable tubular members of the 
s^tem of Fig. 2a. 

Fig. 4 Is a flow chart illustration of a method for manufacturing the expandable 
tubular member of Fig, 3. 

Fig. 5a is a cross sectional illustration of the upsetting of the ends of a tubular 
member. 

•Fig. 5b is a cross sectional illustration of the expandable tubular member of Fig. 
5a after radially expanding and plastically deforming the ends of the expandable 
tubular member. 

Fig. 5c is a cross sec^onal illustration of the expandable tubular member of Fig " 
5b after fomiing threaded connections on the ends of the expandable tubular member. ' 

Fig. 5d is a cross sectional illustration of the expandable tubular member of Rg 
5c after coupling sealing members to the exterior surface of the intemiedlate. * 
unexpended portion of the expandable tubular member. • ' 

Fig: 6 is a cross-sectional illustration of a tubular expansion cone. 

Rg. 7 is a cross-sectional illustration of a tubular expansion cone. 
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Fig. 8 is a fragmentary cross sectional illustration of a system in accordance with 
the present Invention for isolating subten^nean zones of Rg. 1. 
Fig. 9 Is a fragmentary cross sectional illustration of a method for lining one of the 
perforated tubular members of the system for isolating subtenanean zones of Fig. 1 
with a solid tubular liner. 

Fig. 10 Is a fragmentary cross sectional illustration of a method for sealing one of 
the perforated tubular members of the system for isolating subtenanean zones of Rg. 1 
with a hardenable fluidic sealing material. 

Fig. 1 1 is a fragmentary cross sectional illustration of a method for coupling one 
of the perforated tubular members of the system for isolating subterranean zones of 
Fig. 1 with the sunwinding subterranean fonnation. 

Fig. 12 is a fragmentary cross sectfonal illustration of a method for coupling one. 
of the perforated tubular members of the system for isolating subterranean zones of * 
Rg. 1 with a surrounding perforated welibore casing. 

Fig. 13 is a fragmentary cross sectional illustration of a method for lining one of 
the perforated tubular members of the system for isolating subterranean zones of Fig 1 . 
with another perforated tubular member. 

Fig. 14 is a fi^gmentary cross sectional illustration of an alternative system for-' 
.solating subterranean zones Of Fig. 1 that includes a one-way valve for preventing flow.- 
20 from a producing zone Into a depleted zone. 

Fig. 15 Is a fragmentary cross sectional illustration of an alternative system for 
.solating subterranean zones of Rg. i m which the system Is used to extract 
geothemial energy from a subten-anean geothermal zone. 

Detailed Description 
An apparatus and method for isolating one or mora subterranean zones from one 
or more other subtenranean zones Is provided. The apparatus and method permits a 
producing zone to be isolated from a nonprodudng zone using a combination of solid 
and stotted tubular.. In the production mode, the teachings of the present disclosure 
may be used in combination witt, conventional, well known, production completion 
equ.pment and methods using a series of padkers. solid tubing, perforated tubing, and 
sl.d.ng Sleeves, which will be inserted into the disclosed apparatus to pem,« the 
commingling and/or Isolation of the subterranean zones from each other 

Refernng to Rg. 1. a welibore 105 including a casing 110 ara positioned in a 
subterranean fom^ation 115. The subterranean fom^ation 115 includes a number of 
productive and non-productive zones, including a water zone 120 and a targeted oil 
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sand zone 125. During exploration of the subtenranean formation 115, the wellbore 
105 may be extended in a well known manner to traverse the various productive and 
non-productive zones, including the water zone 120 and the targeted oil sand zone 
125. 

5 In order to fluididy isolate the water zone 120 from the taiigeted oil sand zone 

125, an apparatus 130 is provided that Includes one or more sections of solid casing 
135. one or more extemal seats 140, one or more sections of perforated casing 145, 
one or more intemiediate sections of solid casing 150, and a solid shoe 155. The 
perforated casing 145 includes one or more radial passages. 

10 The solid casing 135 provides a fluid conduit that transmits fluids and other 

materials from one end of the solid casing 135 to the other end of the solid casing 135. 
The solid casing 135 may comprise any number of conventional commercially available • • • • 
sections of solid tubular casing such as, for example, oilfield tubulars fabricated from * 
chromium steel or fiberglass. The solid casing 135 comprises oilfield tubulars available 

15 from various foreign and domestic steel mills. 

The solid casing 135 is preferably coupled to the casing 110. The solid casing • 
135 may be coupled to the casing 110 using any number of conventional commerdally 

• • • • 

available processes such as, for example, welding, slotted and expandable connectors, . • . • 

or expandable solid connectors. The solid casing 135 is coupled to the casing 110 by 
20 using expandable solid connectors. The solid casing 135 may comprise a plurality of 

such solid casing 135. 

The solid casing 135 is preferably coupled to one more of the perforated casings 

145. The solid casing 135 may be coupled to the perforated casing 145 using any 

number of conventional commercially available processes such as, for example, 
25 welding, or slotted and expandable connectors. The solid casing 135 is coupled to the 

perforated casing 145 by expandable solid connectors. 

The solid casing 135 includes one more valve members 160 for controlling the 

flow of fluids and other materials within the interior region of the casing 135. During 

the production mode of operation, an internal tubular string with various arrangements 
30 of packers, perforated tubing, sliding sleeves, and valves may be employed within the 

apparatus to provide various options for commingling and isolating subterranean zones 

from each other while providing a fluid path to the surface. 

The casing 135 is placed into the wellbore 105 by expanding the casing 135 in 

the radial direction into intimate contact with the interior walls of the wellbore 105. The 
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casing 135 may be expanded in the radial direction using any number of conventional 
commercially available methods. 

The seals 140 prevent the passage of fluids and other materials within the 
annular region 165 between the solid casings 135 and 150 and the wellbore 105. The 
5 seals 140 may comprise any number of conventional commercially available sealing 
materials suitable for sealing a casing in a wellbore such as. for example, lead, rubber 
or epoxy. The seals 140 comprise Stratalok epoxy material available from Halliburton 
Energy Services. The perforated casing 145 perwHs fluids and other materials to pass 
into and out of the Interior of the perforated casing 145 from and to the annular region 
10 165. In this manner, oil and gas may be produced from a producing subterranean zone 
within a subterranean fomiation. The perforated casing 145 may comprise any number 
of conventional commercially available sections of slotted tubular casing. The 
perforated casing 145 comprises expandable slotted tubular casing available from 
Petroline in Abeerdeen. Scotland. The perforated casing 145 comprises expandable 
slotted sandscreen tubular casing available from Petroline in Abeerdeen. Scotland. 

The perforated casing 145 is preferably coupled to one or more solid casing 135 
The perforated casing 145 may be coupled to the solid casing 135 using any number of 
conventional commerdally available processes such as. for example, welding or 
slotted or solid expandable connectors. The perforated casing 145 is coupled to the 
20 solid casing 135 by expandable solid connectors. 

The perforated casing 145 is preferably coupled to one or more intemiediate 
solid casings 150. The perforated casing 145 may be coupled to the intemiediate solid 
casing 150 using any number of conventional commercially available processes such 
as. for example, welding or expandable solid or slotted connectors. The perforated 
casing 145 is coupled to the intemiediate solid casing 150 by expandable solid 
connectors. 

The last perforated casing 145 is preferably coupled to the shoe 155 The last 
perforated casing 145 may be coupled to the shoe 155 using any number of 
conventional commercially available processes such as. for example, welding or 
expandable solid or slotted connectors. The last perforated casing 145 is coupled to 
the shoe 155 by an expandable solid connector. 

instead, the shoe 155 may be coupled directly to the last one of the intemiediate 
solid casings 150. 

The perforated casings 146 are positioned within the wellbore 105 by expanding 
the perforated casings 145 in a radial direction into intimate contact v.th the interior 
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walls of the wellbore 105. The perforated casings 145 may be expanded in a radial 
direction using any number of conventional commercially available processes. 

The intemiediate solid casing 150 pemiits fluids and other materials to pass 
between adjacent perforated casings 145. The intermediate solid casing 150 may 
5 comprise any number of conventional commercially available sections of solid tubular 
casing such as, for example, oilfield tubulars fabricated from chromium steel or 
fiberglass. The intemiediate solid casing 150 comprises oilfleld tubulars available from 
foreign and domestic steel mills. 

The intemiediate solid casing 150 is preferably coupled to one or more sections 
10 of the perforated casing 145. The Intemiediate solid casing 150 may be coupled to the 
perforated casing 145 using any number of conventional commercially available 
processes such as. for example, welding, or solid or slotted expandable connectors. 
The intemiediate solid casing 150 is coupled to the perforated casing 145 by 
expandable solid connectors. The intemiediate solid casing 150 may comprise a 
15 plurality of such intemiediate solid casing 150. 

Each intemiediate solid casing 150 includes one more valve members 170 for 
controlling the flow of fluids and other materials within the interior region of the 
Intemiediate casing 150. As will be recognized by persons having ordinary skill in the 
art and the benefit of the present disclosure, during the production mode of operation 
an Intemal tubular string with various arrangements of packers, perforated tubing 
sliding sleeves, and valves may be employed within the apparatus to provide various 
options for commingling and Isolating subterranean zones from each other while 
providing a fluid path to the surface. 

The intemiediate casing 150 is placed into the wellbore 105 by expanding the 
Intemiediate casing 150 In the radial direction into intimate contact with the interior 
walls of the wellbore 105. The Intemiediate casing 150 may be expanded in the radial 
direction using any number of conventional commercially available methods. 

One or more of the Intemiediate solid casings 150 may be omitted. Preferably 
one or more of the perforated casings 145 aro provided with one or more seals 140 

The shoe 155 provides a support member for the apparatus 130. In this manner 
vanous production and exploration tools may be supported by the show 150. The shoe 
150 may comprise any number of conventional commerdally available shoes suitable 
for use in a wellbore such as. for example, cement filled shoe, or an aluminum or 
composite shoe. The shoe 150 comprises an aluminum shoe available from 
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on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 26791.23.02, filed on 4/26/2000. (10) PCT patent application serial 
no. PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162.671, attorney docket no. 25791.27. filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. proviskmal patent applicatton serial 
no. 60/212.359. attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
11/12/1999. (18) U.S. provisional patent application serial no. 60/221,443. attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provistonal patent applicatton serial 
no. 60/221,645. attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provistonal 
patent application serial no. 60/233,638. attorney docket no. 25791.47. filed on 
9/18/2000. (21) U.S. provisional patent applwation serial no. 60/237.334. attorney 
docket no. 25791.48. filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270.007, attorney docket no. 25791.50. filed on 2/20/2001; (23) U.S. provisional 
patent application serial no. 60/262.434. attorney docket no. 25791.51, filed on 
1/17/2001; (24) U.S. provisional patent application serial no. 60/259.486. attorney 
docket no. 25791.52. filed on 1/3/2001; (25) U.S. provisional patent application serial 
no. 60/303.740. attorney docket no. 25791.61. filed on 7/6/2001; (26) U.S. provisional 
patent application serial no. 60/313,453, attorney docket no. 25791.59. filed on 
8/20/2001; (27) U.S. provisional patent applicatton serial no. 60/317.985. attorney 
docket no. 25791.67. filed on 9/6/2001; (28) U.S. provisional patent £V>plication serial 
no. 60/318.386. attorney docket no. 25791.67.02, filed on 9/10^001; and (29) U.S. 
utility patent application serial no. 09/969.922, attorney docket no. 25791.69, filed on 
10/3/2001. The radial clearances between the radially expanded solid casings 135. 
perforated casings 145, intennediate sections of solid casing 150. and/or the solkl shoe 
155 and the wellbore 105 may be eliminated thereby eliminating the annulus between 
the solid casings, the perforated casings 145. the intermediate sections of solid casing 
150, and/or the solid shoe 155 and the wellbore 105. In this manner, the optional need 
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for filling the annulus with a filler material such as. for example, gravel, may be 
eliminated. 

Referring to Figs. 2a-2d, a system 200 for isolating subterranean fomrations 
Includes a tubular support member 202 that defines a passage 202a. A tubular 
5 expansion cone 204 that defines a passage 204a is coupled to an end of the tubular 
support member 202. The tubular expansion cone 204 includes a tapered outer 
surface 204b for reasons to be described. 

A pre^xpanded end 206a of a first expandable tubular member 206 that defines 
a passage 206b is adapted to mate with and be supported by the tapered outer surface 
10 204b of the tubular expansion cone 204. The first expandable tubular member 206 
further includes an unexpended intemiediate portion 206c. another pre^xpanded end 
206d. and a sealing member 206e coupled to the exterior surface of the unexpended 
Intemiedlate portion. The inside and outside diameters of the pre^xpanded ends 
206a and 206d. of the first expandable tubular member 206 are greater than the inside 
and outside diameters of the unexpended intermediate portion 206c. An end 208a of a 
Shoe 208 is coupled to the pre^xpanded end 206a of the first expandable tubular 
member 206 by a conventional threaded connection. 

An end 210a of a slotted tubular member 210 that defines a passage 210b is 
coupled to the other pre^xpanded end 206d of the first expandable tubular member 
206 by a conventional threaded connection. Another end 210c of the slotted tubular 
member 210 is coupled to an end 212a of a slotted tubular member 212 that defines a 
passage 212b by a conventional threaded connection. A pre-expanded end 214a of a 
second expandable tubular member 214 that defines a passage 214b is coupled to the 
other end 212c of the tubular member 212. The second expandable tubular member 
214 further includes an unexpended intemiediate portion 214c. another pre-expanded 
end 214d. and a sealing member 214e coupled to the exterior surface of the 
unexpended intemiediate portion. The Inside and outside diameters of the pre- 
expanded ends. 214a and 214d. of the second expandable tubular member 214 are 
greater than the inside and outside diameters of the unexpended intennediate portion 
30 214c. 

An end 216a of a slotted tubular member 216 that defines a passage 216b is 
coupled to the other pre-expanded end 214d of the second expandable tubular 
member 214 by a conventional threaded connection. Another end 216c of the slotted 
tubular member 216 is coupled to an end 218a of a slotted tubular member 218 that 
defines a passage 218b by a conventional threaded connection. A pre-expanded end 
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220a of a third expandable tubular member 220 that defines a passage 220b is 
coupled to the other end 218c of the slotted tubular member 218. The third 
expandable tubular member 220 further includes an unexpended intermediate portion 
220c. another pre-expanded end 220d, and a sealing member 220e coupled to the 

5 exterior surface of the unexpended Intermediate portion. The inside and outside 
diameters of the pre*expanded ends. 220a and 220d, of the third expandable tubular 
member 220 are greater than the inside and outside diameters of the unexpended 
intermediate portion 220a 

An end 222a of a tubular member 222 is threadably coupled to the end 30d of the 

1 0 third expandable tubular member 220. 

The inside and outside diameters of the pre-expanded ends, 206a, 206d, 214a, 
214d. 220a and 220d, of the expandable tubular members. 206, 214, and 220, and the 
slotted tubular members 210. 212, 216, and 218, may be substantially equal. The 
sealing members, 206e, 21 4e, and 220e, of the expandable tubular members, 206, 

15 214, and 220. respectively, further include anchoring elements for engaging the 
wellbore casing 104. The slotted tubular members, 210, 212, 216, and 218, may be 
conventional slotted tubular members having threaded end connections suitable for 
use in an oil or gas well, an underground pipeline, or as a structural support. The 
slotted tubular members, 210, 212, 216, and 218 may be conventional slotted tubular 

20 members for recovering or introducing fluidic materials such as, for example, oil. gas 
and/or water from or into a subterranean fomiation. 

As illustrated In Fig. 2a, the system 200 is initially positioned in a borehole 224 
fomied in a subten*anean formation 226 that includes a water zone 226a and a 
taiigeted oil sand zone 226b. The borehole 224 may be positioned in any orientation 

25 from vertical to horizontal. The upper end of the tubular support member 202 may be 
supported in a conventional manner using, for example, a slip joint, or equivalent 
device in order to permit upward movement of the tubular support member and tubular 
expansion cone 204 relative to one or nriore of the expandable tubular members. 206, 
214, and 220. and tubular members, 210, 212. 216. and 218. 

30 As illustrated in Fig. 2b, a fluidic material 228 is then injected into the system 200, 

through the passages. 202a and 204a, of the tubular support member 202 and tubular 
expansion cone 204, respectively. 

As illustrated in Fig. 2c, the continued injection of the fluidic material 228 through 
the passages, 202a and 204a, of the tubular support member 202 and the tubular 

35 expansion cone 204, respectively, pressurizes the passage 18b of the shoe 18 below 
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the tubular expansion cone thereby radially expanding and plastically deforming the 
expandable tubular member 206 off of the tapered exterr^al surface 204b of the tubular 
expansion cone 204. In particular, the Intermediate non pre^nded portion 206c of 
the expandable tubular member 206 is radially expanded and plastically defom«d off 
5 of the tapered external surface 204b of the tubular expansion cone 204. As a result 
the sealing member 206e engages the interior surface of the wellbore casing 104* 
Consequently, the radially expanded Intermediate portion 206c of the expandable 
tubular member 206 is thereby coupled to the wellbore casing 104. The radially 
expanded intemiediate portion 206c of the expandable tubular member 206 Is also 
10 thereby anchored to the wellbore casing 104. 

As illustrated in Fig. 2d. after the expandable tubular member 206 has been 
Plastically defomied and radially expanded off of the tapered external surface 204b of 
the tubular expansion cone 204. the tubular expansion cone is pulled out of the 
borehole 224 by applying an upward force to the tubular support member 202 As a 
15 result, the second and third expandable tubular members. 214 and 220. are radially 
e^^anded and plastically defend off of the tapered external surface 204b of the 
fibular expansion cone 204. In particular, the intem,ediate non pre^xpanded portion 
214C o the second expandable tubular member 214 is radially expanded and 
Plast^lly deformed off of the tapered external surface 204b of the tubular expansion 
cone 204. As a result, the sealing member 214e engages the interior surface of the 
wellbore 224. Consequently, the radially expanded Intemiediate portion 214c of the 
se«,nd expandable tubular member 214 is thereby coupled to the wellbore 224. The 
rad.a,ly expanded Intermed^te person 214c of the second expandable tubular member 

m T'' '° ''-^'^^re. the continued 

appi cafon of the upwa«J force to the tubular member 202 will then displace the 

220a Of the th.rd expandable tubular member 220. Finally, the continued application of 

2trof I ; . r ~ °" ^^'--^ ^^^^-a, surfad 

ZndL 7'^:^^"^^°" particular, the intem^ediate non pre- 

expanded port.on 220c of the third expandable tubular member 220 is rad ally 
expanded and plasticall, defom,ed off of the tapered externa, surface 204b I 
22 ~ cone 204. As a result, the sealing member 220e engages 1 

port,on 220C of the third expandable tubular member 220 Is thereby coupled to the 
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wellbore 224. The radially expanded Intermediate portion 220c of the third expandat)le 
tubular member 220 is also thereby anchored to the wellbore 224. As a result, the 
water zone 226a and fluldidy Isolated from the targeted oil sand zone 226b. 

After completing the radial expansion and plastic defomiation of the third 
expandable tubular member 220. the tubular support member 202 and the tubular 
expansion cone 204 are removed from the weltborB 224. 

Thus, during the operation of the system 10. the intennedlate non pre^xpanded 
portions. 206c. 214c. and 220c. of the expandable tubular members. 206, 214. and 
220. respectively, are radially expanded and plastically defomied by the upward 
displacement of the tubular expansion cone 204. As a result, the sealing members. 
206e. 214e, and 220e. are displaced in the radial direction into engagement with the 
wellbore 224 thereby coupling the shoe 208. the expandable tubular member 206. the 
slotted tubular members. 210 and 212. the expandable tubular member214. the slotted 
tubular members. 216 and 218. and the expandable tubular member 220 to the 
wellbore. Furthemiore. as a result, the connections between the expandable tubular 
members. 206. 214. and 220. the shoe 208. and the slotted tubular members. 210. 
212. 216. and 218. do not have to be expandable connections thereby providing 
significant cost savings. In addition, the inside diameters of the expandable tubular 
members. 206, 214. and 220. and the slotted tubular members. 210. 212. 216. and 
218. after the radial expansion process, are substantially equal. In this manner 
additional conventional tools and other conventional equipment may be easily 
positioned within, and moved through, the expandable and slotted tubular members 
The conventional tools and equipment include conventional valving and other 
conventional flow control devices for controlling the flow of fluidic materials within and 
between the expandable tubular members. 206. 214. and 220. and the slotted tubular 
members, 210. 212, 216. and 218. 

Furthemiore. in the system 200. the slotted tubular members 210. 212. 216. and 
218 are interleaved among the expandable tubular members. 206. 214 and 220 As a 
fBSult. because only the Intemiediate non pre-expanded portions. 206c. 214c and 
220c. of the expandable tubular members. 206. 214. and 220. respectively, are radially 
expanded and plasUcally defomied. the slotted tubular members. 210 212 216 and 
218 can be conventional slotted tubular members thereby signtficantly reducing the 
cost and complexity of the system 10. Moreover, because only the intem^ediate non 
pr^-expanded portions. 206c. 214c. and 220c. of the expandable tubular members. 
206. 214. and 220. respectively, are radially expanded and plastically defomied. the 
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number and length of the interieaved slotted tubular nnembers. 210. 212. 216. and 218 
can be much greater than the number and length of the expandable tubular members. 
The total length of the intennedlate non pre-expanded portiorw, 206c 214c. and 220c. 
of the expandable tubular members. 206. 214. and 220, Is approximately 61 m (200 
feet), and the total length of the slotted tubular members. 210. 212. 216, and 218. is 
approximately 1 158 m (3800 feet). Consequently. A system 200 having a total length 
of approximately 1219 m (4000 feet) is coupled to the wellbore 224 by radially 
expanding and plastically deforming a total length of only approximately 61 m (200 
feet). 

Furthermore, the sealing members 206e. 214e. and 220e. of the expandable 
tubular members. 206. 214. and 220. respectively, are used to couple the expandable 
tubular members and the slotted tubular members. 210. 212. 216. and 218 to the 
wellbore 224. the radial gap between the slotted tubular members, the expandable 
tubular members, and the wellbore 224 may be large enough to effectively eliminate 
the possibility of damage to the expandable tubular members and slotted tubular 
members during the placement of the system 200 within the wellbore. 

The pre-expanded ends. 206a. 206d. 214a. 214d. 220a, and 220d. of the 
expandable tubular members. 206. 214. and 220. respectively, and the slotted tubular 
members. 210. 212. 216. and 218. have outside diameters and wall thicknesses of 213 
mm (8.375 Inches) and 8.89 mm (0.350 inches), respectively; prior to the radial 
expansion, the intemriediate non pre-expanded portions. 206c. 214c. and 220c of the 
expandable tubular members. 206. 214. and 220. respectively, have outside diameters 
of 194 mm (7.625 Inches); the slotted tubular members. 210. 212, 216. and 218 have 
inside diameters of 195 mm (7.675 inches); after the radial expansion, the inside 
diameters of the intem^edlate portions. 206c. 214c. and 220c. of the expandable 
tubular members. 206. 214. and 220. are equal to 195 mm (7.675 inches); and the 
wellbore 224 has an inside diameter of 222 mm (8.755 inches). 

The pre-expanded ends. 206a. 206d. 214a. 214d. 220a. and 220d. of the 
expandable tubular members. 206. 214. and 220. respectively, and the slotted tubular 
members. 210. 212. 216. and 218. have outside diameters and wall thicknesses of 1 14 
mm (4.500 Inches) and 6.35 mm (0.250 inches), respectively; prior to the radial 
expansion, the intemiediate non pre-expanded portions. 206c. 214c. and 220c of the 
expandable tubular members. 206. 214. and 220. respectively, have outside diameters 
of 102 mm (4.000 inches); the slotted tubular members. 210. 212. 216. and 218 have 
inside diameters of 102 mm (4.000 inches); after the radial expansion, the 'inside 

17 



10 



15 



20 



25 



30 



35 



diameters of the Intermediate portions. 206c, 214c. and 220c. of the expandable 
tubular members. 206. 214. and 220. are equal to 102 mm (4.000 inches); and the 
wellbore 224 has an inside diameter of 124 mm (4.892 inches). 

The system 200 is used to Inject or extract fluWic materials such as. for example, 
oil, gas, and/or water Into or from the subterranean fonrotlon 226b. 

Refening now to Fig. 3, another expandable tubular member 300 will now be 
described. The tubular member 300 defines an interior region 300a and includes a first 
end 300b including a first threaded connection 300ba, a first tapered portion 300c. an 
Intennedlate portion 300d. a second tapered portion 300e. and a second end 300f 
including a second threaded connection 300fa. The tubular member 300 further 
preferably includes an intermediate sealing member 300g that is coupled to the 
exterior surface of the intemiediate portion 300d. 

The tubular member 300 has a substantially annular cross section. The tubular 
member 300 may be fabricated from any number of conventional commercially 
available materials such as. for example. Oilfield Country Tubular Goods (OCTG). 13 
chromium steel tubing/casing, or L83. J55, or P1 10 API casing. 

The interior 300a of the tubular member 300 has a substantially circular cross 
section. Furthennore. The Interior region 300a of ttie tubular member includes a first 
inside diameter D„ an intemiediate inside diameter D,nt. and a second inside diameter 
Da. The first and second inside diameters. D, and D2. are substantially equal. The first 
and second inside diameters. D, and D^. are greater than ttie intemiediate inside 
diameter Dint. 

The first end 300b of the tubular member 300 is coupled to tiie Intermediate 
portion 300d by the first tapered portion 300c, and ttie second end 300f of ttie tubular 
member is coupled to the intemiediate portion by ttie second tapered portion 300e. 
The outside diameters of the first and second ends, 300b and 300f. of ttie tubular 
member 300 is greater than the outside diameter of the intemiediate portion 300d of 
the tubular member. The first and second ends, 300b and 300f, of the tubular member 
300 mdude wall thicknesses, t, and t^, respectively. The outside diameter of ttie 
.nlemiediate portion 300d of the tubular member 300 ranges from about 75% to 98•^ of 
the outside diameters of the first and second ends. 300a and 300f. The intemiediate 
portion 300d of the tubular member 300 includes a wall thickness t^r. 

The wail thicknesses t, and t^ are substantially equal in order to provide 
substantially equal burst strength for ttie first and second ends. 300a and 300f of ttie 
tubular member 300. The wall thicknesses, t. and ta. are both greater ttian the wall 
thickness t,MT in order to optimally match the burst strengtti of ttie first and second 
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ends. 300a and 300f. of the tubular member 300 with the intermediate portion 300d of 
the tubular member 300. 

The first and second tapered portions. 300c and 300e. may be inclined at an 
angle, a. relative to the longitudinal direction ranging from about 0 to 30 degrees in 
5 order to optimally facilitate the radial expansion of the tubular member 300. The first 
and second tapered portions. 300c and 300e. provide a smooth transition between the 
first and second ends. 300a and 300f. and the intemiedlate portion 300d. of the tubular 
member 300 in order to minimize stress concentrations. 

The intermediate sealing member 300g is coupled to the outer surface of the 
10 intemiediate portion 300d of the tubular member 300. The intemiedlate sealing 
member 300g seals the interface between the intemiediate portion 300d of the tubular 
member 300 and the interior surface of a wellbore casing 305. or other preexisting 
stmcture. after the radial expansion and plastic defomiation of the intermediate portion 
300d of the tubular member 300. The intermediate sealing member 300g has a 
substantially annular cross section. The outside diameter of the intemiedlate sealing 
member 300g is selected to be less than the outside diameters of the first and second 
ends. 300a and 300f. of tiie tubular member 300 in order to optimally protect the 
.ntemiedJate sealing member 300g during placement of the tubular member 300 within 
the wellbore casings 305. The intemiediate sealing member 300g may be fabricated 
from any number of conventional commercially available materials such as for 
example. themK)set or themwplastic polymers. The intemiediate sealing member 
300g is fabricated from themioset polymers in order to optimally seal the radially 
expanded intemiediate portion 300d of ttie tubular member 300 with the wellbore 
casmg 305. The sealing member 300g may include one or more rigid anchors for 
engaging the wellbore casing 305 to thereby anchor the radially expanded and 
plastically defomied intermediate portion 300d of the tubular member 300 to the 
wellbore casing. 

Refenino to Figs. 4, and 5a to 6d, The tubular member 300 is tcm,ed by a 
i^roce^ 400 that mciudes the steps (1) upsetting both ends of a tubular member in 
Step 405; (2) expanding both upset ends of the tubular member in step 410; (3) stress 
«l««ng both expanded upse, ends of the tubular men*er m step 415: (4, fencing 
mreaded oonneotions in both expand*, upset ends of the tubular member in step 420 

ZZT"." ^ " " -""expanded 

intemiediate portion of the tubular member in step 425. 
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As Illustrated in FIG. 5a. in step 405. Ijoth ends. 500a and 500b, of a tubular 
member 500 are upset using conventional upsetting methods. The uf^t ends, 500a 
and 500b. of the tubular member 500 include the wall thicknesses t, and tj. The 
intennediate portion 500c of the tubular member 500 includes the wall thickness t,NT 
5 and the interior diameter Dm- The wall thicknesses t, and ta are substantially equal in 
order to provide burst strength that is substantially equal along the entire length of the 
tubular member 500. The wall thicknesses t, and tj are both greater than the wan 
thickness t^r in order to provide burst strength that is substantially equal along the 
entire length of the tubular member 500. and also to optimally facilitate the formatfon of 
1 0 threaded connections in the first and second ends. 500a and 500b. 

As illustrated in Fig. 5b. in steps 410 and 415, both ends. 500a and 500b. of the 
tubular member 500 are radially expanded using conventional radial expansion 
methods, and then both ends. 500a and 500b. of the tubular member are stress 
relieved. The radially expanded ends. 500a and 500b. of the tubular member 500 
Include the interior diameters and D2. The interior diameters D, and D2 are 
substantially equal in order to provide a burst strength that is substantially equal. The 
ratio of the interior diameters Di and D2 to the interior diameter D,nt ranges from about 
100% to 120% in order to fadlitate the subsequent radial expansion of the tubular 
member 500. 

The relationship between the wall thicknesses t,. tj. and of the tubular 
member 500; Uie inside diameters D,. D2 and D,nt of the tubular member 500; the 
inside diameter D,,^ of the wellbore casing, or other structure, that the tubular 
member 500 will be inserted Into; and the outside diameter D^e of the expansion cone 
that will be used to radially expand the tubular member 500 within the wellbore casing 
25 is given by the following expression: 



15 



20 



30 



Dwellbore-2*t, ^—\(t, -t,,„)tn 4.* «,n 1 



Where ti = X^, and 
D, = D2. 

By satisfying the relationship given in equation (1). the expansion forces placed upon 
the tubular member 500 during the subsequent radial expansion process are 
substantially equalized. More generally, the relationship given in equation (1) may be 
used to calculate the optimal geometry for the tubular member 500 for subsequent 
radial expansion and plastic defomiatton of the tubular member 500 for fabricating 
and/or repairing a wellbore casing, a pipeline, or a stmctural support. 
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As illustrated in FIG. 5c. in step 420. conventional threaded connections. 500d 
and 500e. are fomied in both expanded ends. 500a and 500b. of the tubular member 
500. The threaded connections. 500d and 500e. are provided using conventional 
processes for fonning pin and box type threaded connections available from ABas- 
Bradford. 

As illustrated in Fig. 5d. in step 425. a sealing member 500f is then applied onto 
the outside diameter of the non^xpanded intemwdiate portion 500c of the tubular 
member 500. The sealing member 500f may be applied to the outside diameter of the 
non^xpanded intemiediate portion 500c of the tubular member 500 using any number 
of conventional commeraally available methods. The sealing member 500f is applied 
to the outside diameter of the intermediate portion 500c of the tubular member 500 
using commercially available chemical and temperature resistant adhesive bonding. 

The expandable tubular members. 206. 214. and 220. of the system 200 may be 
substantially identical to. and/or incorporate one or more of the teachings of. the tubular 
15 members 300 and 500. 

Referring to Fig. 6. a tubular expansion cone 600 for radially expanding the 
tubular members 206. 214. 220. 300 and 500 will now be described. The expansion 
cone 600 defines a passage 600a and includes a front end 605. a rear end 610. and a 
radial expansion section 615. 

20 The radial expansion section 615 includes a first conical outer surface 620 and a 

second conical outer surface 625. The first conical outer surface 620 includes an angle 
of attack a, and the second conical outer surface 625 includes an angle of attack 
The angle of attack a, is greater than the angle of attack a,. In this manner, the first 
conical outer surface 620 optimally radially expands the intemiediate portions 206c 
214c. 220c. 300d. and 500c. of the tubular members. 206. 214. 220. 300. and 500. and 
the second confcal outer surface 525 optimally radially expands the pre-expanded first 
and second ends. 206a and 206d. 214a and 214d. 220a and 220d. 300b and 300f and 
500a and 500b. of the tubular members. 206. 214. 220. 300 and 600. The first conical 
outer surface 620 includes an angle of attack a, ranging from about 8 to 20 degrees 

a'bl?! TT. """^ '"^"'^^ ^" ^"^'^ ^«-^ «^ from 

about 4 to 15 degrees in order to optimally radially expand and plastically defom, the 

60ot ~n cone 

600 may .ndude 3 or mor^ adjacent conical outer surfaces having angles of attack that 
decrease from the fmnt end 605 of the expansion cone 600 to the rear end 610 of the 
35 expansion cone 600. 
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Referring to Fig. 7, another tubular expansion cone 700 defines a passage 700a 
and includes a front end 705, a rear end 710, and a radial expansion section 715. The 
radial expansion section 715 includes an outer surface having a substanttaliy parabolic 
outer profile thereby providing a paraboloid shape. In this manner, the outer surface of 
the radial expansion section 715 provides an angle of attack that constantly decreases 
from a maximum at the ft-ont end 705 of the expansion cone 700 to a minimum at the 
rear end 710 of the expansion cone. The parabolic outer profile of the outer surface of 
the radial expansion section 715 may be formed using a plurality of adjacent discrete 
conical sections and/or using a continuous curved surface. In this manner, the region 
of the outer surface of the radial expansion section 715 adjacent to the front end 705 of 
the expansion cone 700 may optimally radially expand the intermediate portions. 206c. 
214c. 220c. 300d, and 500c, of the tubular members. 206, 214, 220, 300, and 500, 
while the region of the outer surface of the radial expansion section 715 adjacent to the 
rear end 710 of the expansion cone 700 may optimally radially expand the pre- 
expanded first and second ends, 206a and 206d. 214a and 214d, 220a and 220d, 300b 
and SOOf, and 500a and 500b, of the tubular members, 206. 214, 220, 300 and 500. 
The parabolic profile of the outer surface of the radial expansion section 715 is 
selected to provide an angle of attack that ranges from about 8 to 20 degrees in the 
vicinity of the front end 705 of the expansion cone 700 and an angle of attack In the 
vicinity of the rear end 71 0 of the expanston cone 700 from about 4 to 1 5 degrees. 

The tubular expanston cone 204 of the system 200 is substantially identical to the 
expansion cones 600 or 700, and/or incorporates one or more of the teachings of the 
expansion cones 600 and/or 700. 

The teachings of the apparatus 130. the system 200, the expandable tubular 
member 300, the method 400. and/or the expandable tubular member 500 may be at 
least partially combined. 

Referring to Fig. 8. conventional temperature, pressure, and flow sensors, 802, 
804, and 806, respectively, are operably coupled to the perforated tubulars 145 of the 
apparatus 130. The temperature, pressure, and flow sensors. 802, 804, and 806. 
respectively, in turn are operably coupled to a controller 610 that receives and 
processes the output signals generated by the temperature, pressure, and flow sensors 
to thereby control the operation of the flow control valves 160 to enhance the 
operational effidency of the apparatus 130. The control algorithms utilized by the 
controller 810 for controlling the operation of the flow control valves 160 as a function 
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Of the operating temperature, pressure, arwJ flow rates within the perforated tubular 
members 145 are conventional. 

Refemng to Fig. 9. a solid tubular member 905 Is coupled to one of the 
perforated tubular members 145 by radially expanding and plastically deforming the 
solid tubular member into engagement with the perforated tubular member In a 
conventional manner and/or using one or more of the radial expansion methods 
disclosed in one or more of the following: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/610.913, attomey docket no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350. attomey docket no. 26791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460 
attomey docket no. 25791.11.02, filed on 3/10/2000. (6) U.S. patent application ^rial 
no. 09/512.895. attomey docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/511.941. attomey docket no. 25791.16,02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946. attomey docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attomey docket no 
25791.23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provisfonal patent application serial no. 60/162.671. attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisfonal patent application serial no. 60/154,047. attomey 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082, attomey docket no. 25791.34. filed on 10/12/1999. (14) u S 
provisfonal patent application serial no. 60/159.039. attomey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provisfonal patent appllcatfon serial no. 60/159.033 attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 
no. 60/212,359. attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165.228. attomey docket no. 25791.39. filed on 
11/12/1999. (18) U.S. provisional patent application serial no. 60/221443 attomey 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent applicaiion serial 
no. 60/221.645, attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisfonal 
patent application serial no. 60/233.638. attomey docket no. 25791.47. filed on 
9/18/2000. (21) U.S. provisional patent application serial no. 60/237.334 attomey 
docket no. 25791.48. filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270.007. attomey docket no. 25791.50. filed on 2/20/2001; (23) U.S. provisional 
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patent application serial no. 60/262.434. attorney docket no. 25791.51. filed on 
1/17/200V (24) U.S. provisional patent application serial no. 60/259.486. attorney 
docket no 25791.52. filed on 1/3fiW01: (25) U.S. provisional patent application senai 
no 60«03.740. attorney docket no. 25791.61. filed on 7/6/2001; (26) U.S. pn^visional 
patent application serial no. 60/313.453. attorney docket no. 25791.59. filed on 
8C0/20D1; (27) U.S. provisional patent application serial no. 60/317.985. attorney 
docket no. 25791.67. filed on 9/6/2001; (28) U.S. provisional patent application serial 
no 60.318.386. attorney docket no. 25791.67.02. filed on 9/10/2001; and (29) U.S. 
utility patent applicatk)n serial no. 09/969.922. attorney docket no. 25791.69. filed on 
I 10/3/2001. In this manner, the solid tubular member 905 fluididy seals the radial 
passages fomied in the perforated tubular member 145 thereby preventing the 
passage of fluidte materials and/or fomiation materials through the perforated tubular 
member. 

Referring to Fig. 10. the radial openings in one of the perforated tubular members 
5 145 are sealed by injecting a hardenable fluidic sealing material 1005 into the radial 
openings in the one perforated tubular member by positioning a ctosed ended pipe 
1010 having one or more radial openings 1010a within the one perforated tubular 
member 145. Conventional sealing members 1015 and 1020 then seal the interface 
between the pipe 1010 and the opposite ends of the one perforated tubular member 
20 145. The hardenable fluidic sealing material 1005 is then injected into the radial 
openings in the one perforated tubular member 145. The sealing members 140 
prevent the passage of the hardenable fluidic sealing material out of the annulus 
between the one perforated tubular member 145 and the fonnation 125. The pipe 
1010 and sealing members. 1015 and 1020. are then removed from the apparatus 130. 
25 and the hardenable fluidic sealing material is allowed to cure. A conventional drill 
string may then be used to remove any excess cured sealing material from the interior 
surface of the one perforated tubular member 145. The hardenable fluidic sealing 
material is a curable epoxy resin. 

As illustrated in Fig. 11, one or more of the perforated tubular members 145 of 
30 the apparatus 130 may be radially expanded and plastically defomied into contact with 
the surrounding fonnation 125 thereby compressing the surrounding fonnation. In this 
manner, the surrounding fonnation 125 is maintained in a state of compression thereby 
stabilizing the surrounding fonnation. reducing the flow of loose particles from the 
surrounding formation into the radial openings of the perforated tubular member 145. 
35 and enhancing the recovery of hydrocarbons from the surrounding fonnation. 

an 



A seismic source 1105 is positioned on a surface location to thereby impart 
seismic energy into the forTT,ation125. in this manner, particles lodged in the radial 
openings in the perforated tubular member 145 may be dislodged from the radial 
openings thereby enhancing the subsequent recovery of hydrocarbons from the 
5 formation 125. 

After the perforated tubular member 145 has been radially expanded and 
plastically fomied into contact with the surrounding fomiation 125. thereby coupling the 
perforated tubular member 145 to the sum^unding fom,ation. an Impulsive load Is 
applied to the perforated tubular member. The impulsive load may be applied to the 
10 perforated tubular member 145 by applying the load to the end of the apparatus 130 
The impulsive load is then transferred to the surrounding fomiation 125 thereby 
compacting and/or slurrifying the surrounding fom«tion. As a result, the recovery of 
hydrocarbons from the forniation 125 is enhanced. 

As illustrated in Fig. 12. a wellbore casing 1205 having one or more perforations 
15 1210 may be positioned within the wellbore 105 that traverses the fomiation 125 
When the apparatus 130 is positioned within the wellbore 105. one or more of the 
perforated tubular members 145 of the apparatus 130 are radially expanded and 
plastically deformed Into contact with the wellbore casing 1205 thereby compressing 
^ the sunx,unding fom^tion 125. In this manner, the surrounding fom^ation 125 is 
20 maintained in a state of compression thereby stabilizing the surrounding fomiaUon 
reducing the flow of loose particles from the surrounding fomiation into the radial' 
openings of the perforated tubular member 145. and enhancing the recovery of 
hydrocarbons from the surrounding fomiation. 

A seismic source 1215 is positioned on a surface location to thereby impart 
25 seismic energy into the fomtation 125. In this manner, particles lodged in the radial 
oper,.ngs In the perforated tubular member 145 may be dislodged from the radial 
open«,gs thereby enhancing the subsequent recovery of hydrocarbons from the 
fomiation 125. 

30 ^ , '^'<y ->^^ and 

,45 to me su^unding ,<^«o„. ^ ^ 

appl«« to «« perforated The Impublve load ,nay be appted to ,he 

perflated »*uUir ™mber ,45 b, me load to U« end of ,he apparatus 130 

^ ^.puteive load then ..ansfened to me sunouM,,^ fo^alion 125 ,he™by 



is 



compacting and/or slurrifying the surrounding formation. As a result, the recovery of 
hydrocart)ons from the fomiation 125 is enhanced. 

Referring to Rg. 13. one or more perforated tubular memt)ers 1305 are coupled 
to one of the perforated tubular members 145 by radially expanding and plastically 
5 deforming the perforated tubular member into engagement with the perforated tubular 
member in a conventional manner and/or using one or more of the radial expansion 
methods disclosed in one or more of the following: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, 
10 (3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523.460, 
attomey docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895. attomey docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 
15 application serial no. 09/511,941, attomey docket no. 25791.16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588.946, attomey docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559,122, attomey docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635. attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
20 provisional patent application serial no. 60/1 62.671 , attorney docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039. attomey docket no. 25791.36. filed 
5 on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033, attomey 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 
no. 60/212,359. attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional 
patent application serial no. 60/165.228. attomey docket no. 25791.39. filed on 
11/12/1999, (18) U.S. provisional patent applk^ation serial no. 60/221,443. attomey 
» docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial 
no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional 
patent applicaUon serial no. 60/233.638, attomey docket no. 25791.47. filed on 
9/18/2000, (21) U.S. provisional patent applicatfon serial no. 60/237.334. attomey 
docket no. 25791.48. filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270.007, attomey docket no. 25791.50. filed on 2/20/2001; (23) U.S. provisional 
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patent application serial no. 60/262.434. attorney docket no. 25791.51. filed on 
1/17/2001; (24) U.S. provisional patent application serial no. 6a«259.486 attorney 

no 60/303.740. attorney docket no. 25791.61. filed on 7/6/2001; (26) U.S. provlstenal 
5 patent application serial no. 60/313.453. attorney docket no. 25791.59. filed on 
8/20/2001: (27) U.S. provisional patent application serial no. 60^17.985. attorney 

°" '''''''''' ^''^ «PP«««on serial 

no. 60/318.386. attorney docket no. 25791.67.02. filed on 9/10/2001; and (29) US 

10/3/2001. In th,s manner, the perforated tubular member 905 modifies ttie flow 
^aracteristics of the perforated tubular member 145 thereby permitting the operator of 
the apparatus 130 to modify the overall flow characteristics of the apparatus 

As Illustrated in Fig. 14. a one-way vaK.e 1405 such as. for example, a check 
valve fl.d.c.y couples the interior of a pair of adjacent perforated tubular members. 
145a and 145b. that extract hydrocarbons from corresponding subterranean zones A 
and a In this manner, if zone B becomes depleted, hydrocarbons that are being 
extracted from zone A will not flow info the depleted zone B 

As Illustrated in Fig. 15. the apparatus 130 is used to extract geothemial energy 
from a targeted subterranean geothemial zone 1505. In this manner, the operational 
efficency of the extraction of geothem^l energy is significantly enhanced due to the 
mcreased Internal diameters of the various radially expanded elements of the 
apparatus 130 that pemilt greater volumetric flows. 

The perforated tubular members. 145. 210. 212. 216. 218. and 1305 of the 
apparatus 130 may be cleaned by further radial expansion of the perforated tubular 

'"""'^ "^^^ ^^"'^-^ t^^e radial 

passages of the perforated tubular members 145. 210. 212. 216. 218. and 1305 of the 
apparatus 130 ranged from about 1% to 2%. 

Mhough illustrafive embodiments of the Invention have been shown and 
the fot °' ^'^ ~,ated in 
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1 , An apparatus, comprising: 

a zonal isolation assembly comprising: 
5 one or more solid tubular members, each solid tubular member Including one or 

more external seals; 

one or more perforated tubular members coupled to the solid tubular members, 
the perforated tubular members defining a longitudinal flow passage; 

one or more flow control valves operably coupled to the perforated tubular 
10 members for controlling the flow of fluidic materials through the perforated tubular 
members; 

one or more temperature sensors located within the longitudinal flow passage of 
one or more of the perforated tubular membei^ for monitoring the operating 
temperature within the perforated tubular members; 
15 one or more pressure sensors located within the longitudinal flow passage of one 

or more of the perforated tubular members for monitoring the operating pressure within 
the perforated tubular niembers; and 

one or more flow sensors located within the longitudinal flow passage of one or 
more of the perforated tubular members for monitoring the operating flow rate within 
20 the perforated tubular members; and 

a shoe coupled to the zonal isolation assembly; and 

a controller operably coupled to the flow control valves, the temperature sensors, 
the pressure sensors, and the flow sensors for monitoring the temperature, pressure 
and flow sensors and controlling the operation of the flow control valves; 
25 wherein at least one of the solid tubular members and the perforated tubular 

members ^re formed by a radial expansion process performed within a wellbore. 

2. A method of isolating a first subtenanean zone from a second subterranean zone 

in a wellbore. comprising: 
30 positioning one or more solid tubulars within the wellbore, the solid tubulars 

traversing the first subterranean zone; 

positioning one or more perforated tubulars within the wellbore, the perforated 

tubulars traversing the second subterranean zone, the perforated tubular members 

defining a longitudinal flow passage; 
35 radially expanding at least one of the primary solid tubulars and perforated 
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tubulars within the wellbore; 

fluidicly coupling the perforated tubulars and the solid tubulars; 
preventing the passage of fluids from the first subterranean zone to the second 
subterranean zone within the wellbore external to the solid tubulars and perforated 
tubulars; 

monitoring the operating temperatures, pressures, and flow rates within the 
longitudinal flow passage of one or more of the perforated tubulars; and 

controlling the^flow of fluidic materials through the perforated tubulars as a 
function of the monitored operating temperatures, pressures, and flow rates. 

3- A method of extracting materials from a produdng subterranean zone in a 
wellbore, at least a portion of the wellbore including a casing, comprising: 
positioning one or more solid tubulars within the wellbore; 
positioning one or more perforated tubulars within the wellbore. the perforated 
tubulars traversing the producing subten-anean zone, the perforated tubular members 
defining a longitudinal flow passage; 

radially expanding at least one of the solid tubulars and the perforated tubulars 
within the wellbore; 

fluidicly coupling the solid tubulars with the casing; 
fluidicly coupling the perforated tubulars with the solid tubulars; 
fluidicly Isolating the producing subterranean zone from at least one other 
subterranean zone within the wellbore; 

fluidicly coupling at least one of the perforated tubulars with the preducing 
subterranean zone; 

monitoring the operating temperatures, pressures, and flow rates within the 
longrtudinal flow passage of one or more of the perforated tubulars; and 

controlling the flow of fluidic materials through the perforated tubulars as a 
function of the monitored operating temperatures, pressures, and flow rates. 

30 4. A system for isolating a first subterranean zone from a second subterranean zone 
in a wellbore, comprising: 

means for positioning one or more solid tubulars within the wellbore. the solid 
tubulars traversing the first subterranean zone; 



20 



25 



means for positioning one or more perforated tubulars within the welibore, the 
perforated tubulars traversing the second subterranean zone, the perforated tubular 
members defining a longitudinal flow passage; 

means for radially expanding at least one of the solid tubulars and perforated 
5 tubulars within the welibore; 

means for fluidicly cxjupling the perforated tubulars and the solid tubulars; 

means for preventing the passage of fluids from the first subterranean zone to the 
second subterranean zone within the welibore external to the solid tubulars and 
perforated tubulars; 

10 means for monitoring the operating temperatures, pressures, and flow rates 

within the longitudinal flow passage of one or more of the perforated tubulars; and 

means for controlling the flow of fluidic materials through the perforated tubulars 
as a function of the monitored operating temperatures, pressures, and flow rates. 

15 5. A system for extracting materials frorp a producing subterranean zone in a 
welibore. at least a portion of the welibore Including a casing, comprising: 
means for positioning one or more solid tubulars within the welibore; 
means for positioning one or more perforated tubulars within the welibore. the 
perforated tubulars traversing the producing subtenanean zone, the perforated tubular 
20 members defining a longitudinal flow passage; 

means for radially expanding at least one of the solid tubulars and the perforated 
tubulars within the welibore; 

means for fluidicly coupling the solid tubulars with the casing; 
means for fluidicly coupling the perforated tubulars with the solid tubulars; 
25 means for fluidicly Isolating the producing subtenanean zone from at least one 

other subterranean zone within the wellbora; 

means for fluidicly coupling at least one of the perforated tubulars with the 
producing subterranean zone; 

means for monitoring the operating temperatures, pressures, and flow rates 
30 within the longitudinal flow passage of one or mora of the perforated tubulars; and 

means for controlling the flow of fluidlc materials through the perforated tubulars 
as a function of the monitored operating temperatures, pressures, and flow rates. 



6. The apparatus of claim 1 . wherein the perforated tubular members that are 
radially expanded compress the subterranean formation sunounding the wellbore. 



7. The metho d of claim 2, wherein the perforated tubulars that are radially 
expanded compress the second subterranean zone. 

8. The method of dalm 2. further comprising vibrating the second subterranean 
zone to Increase the rate of recovery of hydrocarbons from the second subterranean 
zone. 



9. The method of dalm 2, further comprising vibrating the second subten^nean 
zone to clean the radial passages of the perforated tubulars. 

10. The method of daim 2, further comprising applying an impulsive load to the 
perforated tubulars to increase the rate of recovery of hydrocarbons from the second 
subterranean zone. 



11. The method of daim 3, wherein the perforated tubulars that are radially 
expanded compress the produdng subterranean zone. 

12. The method of dalm 3, further comprising vibrating the producing subterranean 
zone to Increase the rate of recovery of hydrocarbons from the produdng subterranean 
zone. 



13. The method of daim 3. further comprising vibrating the produdng subterranean 
zone to dean the radial passages of the perforated tubulars. 

14. The method of daim 3. further comprising applying an impulsive load to the 
perforated tubulars to increase the rate of recovery of hydrocarbons from the produdng 
subterranean zone. 



15. The system of daim 4. wherein the means for radially expanding at least one of 
the perforated tubulars comprises means for compressing the second subterranean 
zone. 



3i 



16. The system of daim 4, further comprising means for vibrating the second 
subterranean zone to increase the rate of recovery of hydrocarbons from the second 
subteoanean zone. 

17. The system of daim 4. further ccMTiprising means for vibrating the second 
subterranean zone to dean the radial passages of the perforated tubulars. 

1 8. The system <rf daim 4. further comprising means for applying an impulsive load 
to the perforated tubulars to increase the rate of recovery of hydrocariaons from the 
second subtennanean zone. 



1 9. The system of daim 5, wherein the means for radially expanding at least one of 
the perforated tubulars comprises means for compressing the produdng sublen^nean 
zone. 



20. The system of daim 5, further comprising means for vibrating the second 
subterrahean zone to increase the rate of recovery of hydrocarbons from the produdng 
subterranean zone. 



21 . The system of claim 5. further comprising means for vibrating the produdng 
subterranean zone to dean the radial passages of the perforated tubulars. 

22. The system of daim 5, further comprising means for applying an Impulsive load 
to the perforated.tubulars to Increase the rate of recovery of hydrocarbons from the 
produdng subten^nean zone. 

23. The apparatus of daim 1 , wherein the wellborn traverses a subterranean 
fomiation comprising a source of geothermal energy. 

24. The method of daim 2. wherein at least one of the first and second subterranean 
zones comprises a source of geothemial energy. 

25. The method of daim 3, wherein the produdng subterranean zone comprises a 
source of geothermal energy. 



26. The system of claim 4, wherein at least one of the first and second subterranean 
zones comprises a source of geothermal energy. 

27. The system of daim 5. wherein the producing subterranean zone comprises a 
source of geothennal energy. 



